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Translation [machine] of JP 2000-288403 

(54) PHOTOCATALYST MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a photocatalyst material which makes it 
possible to obtain such a high photocatalyst activity as to be equivalent to that of ideal 
titanium oxide powder in spite of titanium oxide of a coating shape. 
SOLUTION: The titanium oxide existing in the surface layer part of at least 10 nm in 
thickness from the surface of the titanium oxide layer of the photocatalyst material 
formed by coating the surface of a base material with the titanium oxide layer is an 
anatase type crystal and the shape of >30% crystal grains among the crystal grains of the 
titanium oxide existing in the surface layer is an elliptic or semi-elliptic shape having the 
length in a major axis direction of 2 to 20 times the length in a minor axis direction. The 
titanium oxide preferably includes the crystal grains oriented in the major axis to an angle 
within 60° from the direction perpendicular to the crystal surface and further includes the 
crystal grains oriented in the major axis of the crystal grains to the <100> direction or 
<102> direction of the anatase type titanium oxide crystal as the titanium oxide crystal 
grains. 



CLAIMS 



[Claim I] The photocatalyst ingredient with which it is the photocatalyst ingredient with 
which a base material front face comes to cover a titanium oxide layer, the titanium oxide 
which exists in the surface section with a thickness of lOnm at least from the front face of 
this titanium oxide layer is an anatase mold crystal, and the configuration of 30% or more 
of crystal grain is characterized by being the ellipse form or the half-ellipse form where 
major-axis lay length is 2 to 20 times the minor-axis lay length among the crystal grain of 
the titanium oxide which exists in this surface section. 

[Claim 2] The photocatalyst ingredient according to claim 1 with which the ellipse form 
of said titanium oxide or half-ellipse form crystal grain is characterized by containing 
what is carrying out orientation to the include angle of less than 60 degrees from the 
direction where the major axis of crystal grain is vertical to a crystal front face. 

[Claim 3] The photocatalyst ingredient according to claim 1 or 2 characterized by the 
ellipse form of said titanium oxide or half-ellipse form crystal grain containing that in 
which the major axis of crystal grain carried out orientation in the <100> directions of an 
anatase mold titanium oxide crystal, or the <1 02> directions. 



DETAILED DESCRIPTION 



[0001] 

[Field of the Invention] This invention has high photocatalyst activity on a front face, and 
relates to the photocatalyst ingredient using titanium or a titanium radical content alloy 
excellent in design nature. 
[0002] 

[Description of the Prior Art] Titanium oxide discovers a photocatalyst function by the 
light of specific wavelength, and having deodorization, mildewproofing, and an 
antibacterial function by the oxidation is known. In order to use such a function, it is 
common to coat the fine particles which mixed metals used together in order to raise 
titanium oxide fine particles or this, and a photocatalyst function, such as platinum and 
palladium, on the surface of the specified substance, and to use them, although it comes 
out, a binder is required for immobilization of the titanium oxide fine particles on the 
front face of a base material, and since there is a possibility for which such an ingredient 
demonstrates a function only after a photocatalyst ingredient exposes to a front face that 
it may come out by the photocatalysis with the usual organic resin binder, and may be 
decomposed, the inorganic binder of Si system is used widely. If it fixes with such a 
binder, in order to also expose both binders to a front face with titanium oxide, the rate of 
area of the titanium oxide on the front face of the maximum in connection with a 
photocatalysis will fall, and photocatalyst activity will fall remarkably compared with the 
fine particles of the titanium oxide which is a raw material. 

[0003] There is a method of making titanium oxide generate by applying and calcinating 
organic system titanium compounds, such as a titanium alkoxide, as an approach of 
coating titanium oxide, without using a binder. Since titanium oxide is compounded by 
this approach at the time of baking, the titanium oxide enveloping layer according to the 
shape of surface type of a base material is formed, and titanium oxide can be fixed with 
sufficient adhesion, without using a binder. According to this approach, as compared with 
the approach of fixing titanium oxide fine particles with a binder, since surface [ all ] is 
occupied with titanium oxide, it can obtain light catalytic [ high ]. However, [ since it is a 
layer precise / the titanium oxide layer obtained by this approach /, and smooth / titanium 
oxide fine particles ], surface area cannot obtain sufficient surface area small [ 
remarkably ] and required for clarification by the photocatalysis etc., but light catalytic [ 
about 1/10 ] is obtained compared with an ideal titanium oxide layer, i.e., the layer which 
fixed titanium oxide fine particles without the binder to the front face. 
[0004] The technique of raising photocatalyst activity by forming the titanium oxide 
which controls the stacking tendency of titanium oxide ** ** and has specific crystal 
orientation by the approach of spraying the titanium alkoxide made evaporating on the 
base material front face heated with the inert gas used as support in order to raise light 
catalytic [ of the titanium oxide formed ] further is proposed in each official report, such 
as JP,10-95468,A, JP, 10-95469, A, JP,10-95935,A, and JP,10-152396,A. Although the 
titanium oxide layer produced by the above approaches has light catalytic [ which was 
excellent only compared with what coated titanium oxide fine particles with the binder 
and the thing which calcinated organic titanium ], a property equivalent to ideal titanium 




oxide fine particles cannot be acquired. The area of the titanium oxide which exposes this 
to the maximum front face of the titanium oxide of a coating configuration is because it is 
small compared with the surface area of fine particles. On the other hand with fine 
particles, it is inferior to using for a product taking advantage of the property of the 
photocatalyst ingredient of titanium oxide at handling nature, and it is inconvenient and it 
surely necessary to fix to a base material with means, such as coating. In the Prior art, the 
immobilization to the base material which makes the engine performance of ideal 
titanium oxide fine particles discover in a real product was not attained, but a 
photocatalyst ingredient which has high effectiveness was desired. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention relates to the good 
photocatalyst ingredient of the handling nature which can acquire high photocatalyst 
activity which it is made in view of the above-mentioned trouble, and the object of this 
invention has the titanium oxide layer of the coating configuration firmly formed in the 
base material, and is equal to ideal titanium oxide fine particles. 
[0006] 

[Means for Solving the Problem] this invention persons were the processes applied while 
calcinating organic titanium by cross-section observation by TEM paying attention to the 
configuration of the crystal grain of a titanium oxide particle, as a result of controlling 
and evaluating the configuration of the crystal grain generated by optimizing the size and 
the membrane formation rate of spray droplets, specified the optimal crystal grain 
configuration which raises light catalytic by leaps and bounds, and completed this 
invention. 

[0007] Namely, the photocatalyst ingredient concerning claim 1 of this invention It is the 
photocatalyst ingredient with which a base material front face comes to cover a titanium 
oxide layer, and the titanium oxide which exists in the surface section with a thickness of 
lOnm at least from the front face of this titanium oxide layer is an anatase mold crystal. 
The configuration of 30% or more of crystal grain is characterized by being the ellipse 
form or the half-ellipse form where major-axis lay length is 2 to 20 times the minor-axis 
lay length among the crystal grain of the titanium oxide which exists in this surface 
section. 

[0008] It is a mode with desirable containing that in which the major axis of crystal grain 
is carrying out orientation to the include angle of less than 60 degrees from the direction 
vertical to a crystal front face as the ellipse form of said titanium oxide, or half-ellipse 
form crystal grain here, and desirable containing further that in which the major axis of 
crystal grain carried out orientation in the <100> directions of an anatase mold titanium 
oxide crystal, or the <102> directions as the ellipse form of said titanium oxide, or half- 
ellipse form crystal grain. 
[0009] 

[Embodiment of the Invention] The titanium oxide layer formed in the front face of the 
photocatalyst ingredient of this invention By making the crystal grain configuration of the 
anatase mold titanium oxide to fix into an ellipse form or a half-ellipse form Even if 
titanium oxide particles gather precisely and are being fixed, surface area equivalent to 
still more ideal titanium oxide powder can be obtained, and also in the condition of 
having been fixed to the base material front face by coating etc., it is characterized by 
discovering high photocatalyst activity. 




[0010] Drawing 1 is the mimetic diagram showing the configuration of (A) ellipse form 
titanium oxide crystal grain used suitable for this invention, and (B) half-ellipse form 
titanium oxide crystal grain. Thus, as the ellipse form in this invention, or half-ellipse 
form crystal grain, a projection cross section includes what makes an ellipse form or a 
half-ellipse form. The major axis/minor axis in this invention measure the location shown 
into the mimetic diagram. 

[001 1] Although it is as having stated previously to depend for photocatalyst activity on 
the surface area of a photocatalyst ingredient Although it is located [ if it takes into 
consideration about this surface area ] so that it may originate in that configuration and a 
particle front face may touch the next grain boundary on an elliptical side face when 
crystal grain is densely filled up with elliptical crystal grain as shown in drawing 2 (A) 
Under the present circumstances, since the major axis is large as compared with the 
minor axis of each crystal grain, the field which does not contact the particle which a 
grain boundary front face adjoins is large, and since that part serves as an exposed front 
face (field shown with the slash all over drawing) which contributes to photocatalyst 
activity, surface area equivalent to ideal titanium oxide powder can be obtained. As 
^hown in drawing 2 (B), in common globular form crystal grain Although the touch area 
between the particles which the closest packing is carried out, are easy and adjoin 
becomes large and the area of the front face (field shown with the slash all over drawing) 
exposed as a result will be in the condition of becoming narrow so that each particle is 
near in the shape of a true ball if crystal grain is arranged at dense structure The property 
of the configuration of the titanium oxide crystal grain used for the photocatalyst 
ingredient of this invention as compared with this will become clearer. 
[0012] As for such surface area enhancement effect, according to examination of this 
invention persons, it became clear that major-axis lay length becomes remarkably high 
when 30% or more of all crystal grain is 2 to 20 times as much ellipse form crystal grain 
as minor-axis lay length. 

[0013] Since it becomes close to the usual globular form granular ** when the ratio of the 
major axis and minor axis which were previously shown in drawing 1 is two or less as a 
property of the configuration of crystal grain, the effectiveness which is elliptical is 
difficult to get, a major axis / minor-axis ratio requires that it is two or more from a 
viewpoint of effectiveness, and it is [ 2.5 or more ] preferably good [ ratio ] that it is three 
or more still more preferably. Since the curvature on the front face of the grain boundary 
becomes large and serves as plate-like or a configuration near a cylindrical particle when 
a major axis / minor-axis ratio is 20 or more, it will stick in the crystal grain which 
adjoins on a side face, and a large area, and it becomes impossible moreover, to obtain 
big surface area. For this reason, a major axis / minor-axis ratio needs to be 20 or less, 
and it is [ 15 or less ] preferably good that it is ten or less still more preferably. 
[0014] In addition, if it is the configuration which the need that the configuration of 
crystal grain is the ellipse form or the half-ellipse form where it has ideal object nature as 
shown in drawing 1 not necessarily does not have in this invention, and applied to the 
ellipse form or the half-ellipse form correspondingly For example, as shown in drawing 3 
, even if you may be an asymmetrical type and a front face has gently-sloping irregularity 
Moreover, if the ratio of a major axis and a minor axis is the range of this invention even 
if it has a configuration with it, since equivalent effectiveness is acquired, it is contained 
in the range of this invention also in this case. [ near / the rate radius of an office in the 




side face of ellipse crystal grain is large, and / a cone form ] Hereafter, when calling it 
elliptical crystal grain by this invention, the crystal grain of the configuration according 
to half-elliptical, these ellipse forms, or a half-ellipse form shall also be included. 
[0015] Moreover, desirable photocatalyst activity can be acquired in 30% or more of all 
the titanium oxide crystal grain that exists in the surface section with a thickness of lOnm 
at least from the front face of a titanium oxide layer of such elliptical titanium oxide 
crystal grain existing. Here, it is because the titanium oxide crystal grain exposed to the 
maximum front face of a layer contributes to photocatalyst activity to have made the 
surface section with a thickness of lOnm into appraisal universe at least from the front 
face of the titanium oxide layer formed in the base material front face to evaluate the 
condition of the crystal grain of a titanium oxide layer, and it does not restrict the 
thickness of the titanium oxide layer which the photocatalyst ingredient of this invention 
has. 

[001 6] Moreover, if crystal grain elliptical [ said ] is contained 30% or more in quantity 
in [ all ] crystal grain, the improvement effectiveness in photocatalyst activity is accepted 
and it is 70% or more still more preferably 50% or more preferably. The improvement 
effectiveness in surface area which a content makes between the crystal grain with which 
the elliptical crystal grain which exists at random adjoins at less than 30% is difficult to 
get, and the desired improvement effectiveness in photocatalyst activity is not acquired. 
The configuration and quantity of this crystal grain can be checked by observing the cross 
section of for example, a photocatalyst ingredient with a TEM electron microscope. 
[0017] The major axis of titanium oxide crystal grain can make the surface area which 
touches space having carried out orientation in the direction vertical to a crystal front face 
more efficiently [ direction ] increase, and light catalytic [ high ] is obtained. Since light 
catalytic [ high ] is obtained especially, as for especially the crystal grain that carried out 
orientation to less than 60 degrees from the direction where the direction of a major axis 
of crystal grain is vertical to the crystal face, it is desirable that such a thing that carried 
out orientation is contained in crystal grain elliptical [ said ]. The orientation of a shaft 
has desirable less than 60 degrees, and less than 45 more degrees is less than 30 degrees 
most preferably. It is good to discover high photocatalyst activity and to carry out 
orientation to less than 60 degrees 60% or more still more preferably especially, from the 
most desirable direction where the major axis of 70% or more of crystal grain is vertical 
to the crystal face, if that the direction of a major axis of such crystal grain carried out [ 
that ] orientation occupies 50% or more of all titanium oxide crystal grain. In the 
diffraction pattern of an X-ray, the shape of crystal form in such a detailed field cannot be 
checked, but becomes possible [ checking by performing TEM observation of a cross 
section ]. 

[0018] Furthermore, it became clear that light catalytic [ which was excellent especially 
when structure was examined in the detail and the direction of a major axis of the sense 
of the crystal in ellipse form crystal grain carried out orientation in the <100> directions 
of an anatase mold crystal or the <102> directions ] is obtained. Among these, the case 
where orientation is carried out in the <102> directions is still more desirable. Therefore, 
content of the ellipse form crystal grain which has such a stacking tendency raises the 
activity ability of a photocatalyst ingredient. When contained 50% or more to the whole 
crystal grain, since the improvement effectiveness in photocatalyst activity is remarkable, 
the elliptical crystal grain which has this stacking tendency is 70% most preferably 60% 




or more desirable still more preferably. Although this cause is not clear, it is thought that 
it is concerned with the optimal direction of ultraviolet-rays incidence from which a 
photocatalysis is started efficiently. In the diffraction pattern of an X-ray, the orientation 
of the crystal grain in the detailed field in the above surfaces cannot be checked, but 
becomes possible [ checking by performing TEM observation of a cross section ]. 
[0019] Although the photocatalyst ingredient of this invention fixes and comes to form 
the titanium oxide layer containing such titanium oxide crystal grain on a predetermined 
base material, if there is especially no limit in the base material used here and the 
formation conditions of a titanium oxide layer are borne, it can respond in activity eye 
and can choose suitably. Specifically, metallic materials, such as inorganic materials, 
such as glass and ceramics, titanium and its alloy, and iron, steel, and other well-known 
ingredients can use it. 

[0020] Moreover, when titanium oxide crystal grain is fixed and it forms a titanium oxide 
layer on this base material, although the thickness of the titanium oxide layer formed can 
be suitably chosen according to the object, generally it is about 10-1000nm. Moreover, 
after applying the approach and the same organic titanium which a base material front 
face is made to carry out sequential growth of the titanium oxide crystal grain, and form a 
titanium oxide layer in predetermined thickness on a base material, spraying the ethanol 
containing organic titanium, for example, acetyl aceto titanium, on a base material, and 
calcinating it as an approach of forming a titanium oxide layer on a base material, the 
approach of calcinating etc. is mentioned. When the fuel spray of said organic titanium 
and the baking approach are used, in the process, burning temperature, the size of spray 
droplets, and the configuration of the titanium oxide crystal grain generated by 
controlling a membrane formation rate can be changed. Thus, according to the approach 
of forming a titanium oxide layer on a base material, it has the advantage that not only 
photocatalyst activity but the endurance as an ingredient improves substantially as 
compared with the method of application using the usual binder. 
[0021] The photocatalyst ingredient of this invention can be used for the permanent 
sterilization by photocatalyst activity, such as daily needs and a building material, the 
member which needs a cleaning effect, a building, or accessories at arbitration according 
to the object, and the application range is wide. If titanium and a titanium alloy are used 
especially for a base material, since the hue of the arbitration which has metallic luster by 
adjusting the oxidation condition can be acquired, it is a desirable ingredient also from a 
viewpoint of design nature. 
[0022] 

[Example] (Example 1 : The major axis / minor-axis ratio of a crystal grain configuration) 
The pure titanium of industrial use class which consists of titanium and an unescapable 
impurity was cut to 50x50xlmmt, and it considered as the base material, and organic 
titanium (titanium alkoxide) was sprayed, heating a base material, and the titanium oxide 
layer with a thickness of about 100-500nm was applied. The photocatalyst ingredient in 
which various crystal grain as changed the configuration of the titanium oxide crystal 
grain generated by controlling burning temperature, the size of spray droplets, and a 
membrane formation rate by the spreading process and shown in the following table 1 
was formed was obtained. 

[0023] It is observed from the cross section of those of a titanium oxide layer with a 
cross-section TEM electron micrograph which used drawing 4 for the example 1 of this 




invention, and the maximum surface that titanium oxide crystal grain is an ellipse form. 
Moreover, drawing 5 is a TEM electron microscope photograph in which the cross 
section of the globular form titanium oxide layer at the time of calcinating is shown, after 
applying organic titanium. The configuration of the crystal grain of the titanium oxide 
layer produced on condition that versatility was investigated, it asked for for which rate 
the crystal in which the major axis / minor-axis ratio shown in drawing 1 are shown 
accounts among the whole, and light catalytic relation was investigated. 
[0024] The photocatalyst activity of the obtained titanium oxide layer was measured by 
the potassium iodide part solution method. It was immersed so that the field which has a 
photocatalyst activity function might turn into a light-receiving side (25cm2) in a test 
piece at a potassium iodide water solution (O.lmol/L, 150g), and the black light 
(ultraviolet-rays reinforcement: 2.6 mW/cm2) was irradiated for 30 minutes. The amount 
of generation of the iodine generated when potassium iodide decomposes with 
photocatalyst activity is measured, and photocatalyst activity is evaluated. It means that 
the photocatalyst activity effectiveness is so high that there are many amounts of iodine 
generation. In addition, when the amount of generation of the iodine of the titanium oxide 
powder same with having used for this example as an example of an object itself was 
measured on the same conditions, the result was lOOxten - five or more mols. 
[0025] In the example 1, as shown in a table 1, ellipse form crystal grain chose and 
measured that from which the ratio of the major axis and minor axis of each crystal grain 
differs among titanium oxide crystal grain about 50% of thing, 55% or more of thing, and 
60% or more of thing. The relation between the major axis / minor-axis ratio of titanium 
oxide crystal grain, the rate of occupying to the whole titanium oxide crystal grain of 
elliptical crystal grain, and the amount of iodine generation was shown in the following 
table 1. 
[0026] 
[A table 1] 

[0027] The numeric value in a table 1 is the amount of iodine generation (unit ten to 5 
mol). When the major axis / minor-axis ratio of 50% or more of crystal are 2-20 so that 
more clearly than the result of said table 1, the amount of iodine generation is over 100, 
and has reached light catalytic [ of ideal titanium oxide powder ]. Furthermore, when a 
major axis / minor-axis ratio is 2.5-15 and the amount of iodine generation is [ the 130 
neighborhoods, and a major axis / minor-axis ratio ] 3-10, the amount of iodine 
generation has arrived at the 160 neighborhoods, and as for the optimal titanium oxide 
which makes a photocatalyst property high, it became clear that a major axis / minor-axis 
ratio is the configurations in which the elliptical crystal grain of 3-10 occupies 50% or 
more of the whole crystal grain. 

[0028] In addition, a major axis / minor-axis ratio shows below the formation conditions 
of a titanium oxide layer that the elliptical crystal grain of 5 occupies 60% or more of the 
whole crystal grain, as a concrete example of manufacture. Acetyl aceto titanium was 
used as organic titanium. Spraying acetyl aceto titanium content (l-100g/(l.)) alcohol on 
the base material which heated the amount of about lg/second at 500 degrees C with the 
fuel-spray grain size of 1 micrometer or less, with the burning temperature of 400-600 
degrees C, it heated for 2 hours and membranes were formed. The membrane formation 




rate was 50nm/o f clock. If the desirable conditions of ** which forms a titanium oxide . 
layer on such a base material are listed to below, it is desirable to use acetyl aceto 
titanium as organic titanium, and in order to make the fuel spray and spreading easy, the 
alcohol which contained about l-100g /of acetyl aceto titanium L, for example, ethanol, 
will be used. As for the fuel-spray grain size in the case of an atomizing process, it is 
desirable that it is 0.1-5 micrometers, and the range of burning temperature of 400-600 
degrees C is common. A membrane formation rate has desirable o'clock in 10-1000nm /. 
[0029] (Example 2: Orientation) The titanium oxide layer with a thickness of about 100- 
500nm was applied and formed in the same titanium base material as an example 1 , 
calcinating organic titanium. Burning temperature, the size of spray droplets, and a 
membrane formation rate were controlled by the spreading process, 60% of the whole 
crystal grain is the ellipse form crystal of a major axis / minor-axis ratio 5, and the 
titanium oxide layer from which the stacking tendency of the direction of a major axis 
differs as shown in a table 2 was produced. The direction of orientation of a major axis is 
controllable by controlling fuel-spray grain size among the conditions of the above 
mentioned membrane formation approach. Light catalytic [ of the obtained titanium oxide 
layer ] was measured by the potassium iodide part solution method like the example 1 , 
and although the major axis was less than 30 degrees from the shaft vertical to a crystal 
front face among the whole ellipse form crystal, the relation between a ratio and the 
amount of iodine generation was investigated. A result is shown in a table 2. 
[0030] 
[A table 2] 

[003 1] From a table 2, even if it is the sense of the same ellipse form crystal and the 
crystal of the direction of a major axis, when the amount of iodine generation is high, so 
that a major axis carries out orientation in the direction vertical to a front face, and the 
direction of a major axis gathers shows that the area to which a crystal front face contacts 
space efficiently increases, and light catalytic improves. When taking into consideration 
that the measurement result of the photocatalyst ingredient (60% of the whole crystal 
grain is the sample of the ellipse form crystal of a major axis / minor-axis ratio 5) which 
did not control the direction of orientation by the example 1 was 159x10 to 5 mol, by 
controlling the orientation of crystal grain showed that photocatalyst activity improved 
further. 

[0032] (Example 3: Crystal orientation) The titanium oxide layer with a thickness of 
about 100-500nm was applied and formed in the same titanium base material as an 
example 1, calcinating organic titanium. Burning temperature, the size of spray droplets, 
and a membrane formation rate were controlled by the spreading process, 60% of the 
whole crystal grain is the ellipse form crystal of a major axis / minor-axis ratio 5, and the 
ratio of ellipse form [ where the directions of a major axis are the <102> directions of an 
anatase mold titanium oxide crystal ] crystal grain produced a titanium oxide layer which 
is different as shown in a table 3. The stacking tendency to the <102> directions of the 
direction of a major axis is controllable by controlling fuel-spray grain size among the 
conditions of the above mentioned membrane formation approach. Light catalytic [ of the 
obtained titanium oxide layer ] was measured by the potassium iodide part solution 
method like the example 1, and the relation between the ratio of ellipse form crystal grain 




and the amount of iodine generation whose directions of a major axis are the <102> 
directions of an anatase mold titanium oxide crystal among the whole ellipse form crystal 
was investigated. A result is shown in a table 3. 
[0033] 
[A table 3] 



[0034] According to the table 3, even if it is the percentage of the same ellipse form 
crystal, the amount of iodine generation is high as the ratio of the crystal grain in which 
the major axis carried out orientation in the <102> directions of an anatase mold titanium 
oxide crystal becomes high, and it is distinct that light catalytic improves. When taking 
into consideration that the measurement result of the photocatalyst ingredient (60% of the 
whole crystal grain is the sample of the ellipse form crystal of a major axis / minor-axis 
ratio 5) which did not control the direction of orientation by the example 1 was 159x10 to 
5 mol, by controlling the stacking tendency of the direction of a major axis of crystal 
grain showed that photocatalyst activity improved further. 
[0035] 

[Effect of the Invention] Since this invention was considered as the above-mentioned 
configuration, though it is the structure of having the titanium oxide layer of a coating 
configuration, it can obtain the photocatalyst ingredient which discovers high 
photocatalyst activity which is equal to ideal titanium oxide fine particles. 



